The entropy-based approach allows the estimation of the mean flow velocity in open channel flow by using the maximum flow velocity. The linear relationship between the mean velocity, u max , and the mean flow velocity, u m , through the dimensionless parameter Φ(M), has been verified both in natural rivers and in laboratory channels. Recently, the authors of this study investigated the reliability of the entropy-based formula in a straight channel and under different bed and side-walls' roughness conditions. The present study aims to further validate the entropy-based approach and to explore the effectiveness of entropy-based formula in high curvature channels. Results show that as the effect of the downstream variation of the channel's curvature the value of the parameter Φ(M) varies along the bend. When the bed deformation is evident, the variation of the parameter Φ(M) is strongly reduced compared to that obtained in absence of bed deformation. Results also show that the Manning's roughness coefficients determined through entropy-based formula are in agreement with those estimated by applying other literature's expressions but, unlike the latter, through the parameter Φ(M) the entropy-based formula could account for the effects due to the advective momentum transport by cross-circulation along the strongly curved reaches of the channel.
INTRODUCTION
The discharge is among the variables most important in the field of hydrological and hydraulic studies (Chiu et al. ) .
Indeed, the calibration and validation of models addressed to surface runoff analysis and/or water resource managements can be affected by a wrong estimation of discharge.
This may occur mainly for high stages when it is well known that the monitoring of flow velocity is not accurate at all and rating curves often fail (Moramarco et al. ) .
However, in the last two decades, many methods have been developed to avoid the problem by leveraging the entropy concept (Chiu ) and using the maximum flow velocity, u max , as key variable to estimate the mean flow vel-and, as a consequence, the discharge given the river crosssection geometry. This insight explains the interest that drove Moramarco & Singh () to investigate the dependence of the entropic parameter M on the hydraulic and geometric characteristics of the river cross section. They inferred that the constant value of M can be justified on the ground that it is found not to depend on the flood dynamic, as expressed by the energy or water surface slope S f . This remarkable concept allowed them to derive a 'new' formulation for the roughness estimation based on the entropy parameter M and where the location y o , for which the velocity is assumed equal to zero, had an important role distinguishing low flows from the high ones.
Afterwards, Moramarco & Termini () 
DATA AND METHODS

Experimental data
The data set used in the present work was collected in the During each run, the water and bed surfaces were measured using a Profiler Indicator PV09 (Delft Hydraulics) with precision of 0.1 mm. The instantaneous velocity components were measured in cross sections spaced about 50 cm or so apart, starting from section 1 (see Figure 1 ).
In this work, the analysis is restricted to sections indicated in Figure 1 which are selected along the channel reach between two consecutive inflection sections. During the FB run, the instantaneous longitudinal, u(t), and transversal, (ii) Moramarco & Singh () verified that in open channel flow the roughness coefficient can be related to the entropic parameter M by the following expression:
where n ¼ Manning's roughness coefficient, y max ¼ location from the bed where the maximum velocity occurs, D ¼ location of maximum velocity, u max , below the water surface, y o ¼ location where the logarithm profile predicts the zero velocity. It should be clear from the 'Introduction' that y o is a parameter of Equation (2) which has to be adequately calibrated by using experimental data. Moramarco & Termini () , by using a data set collected in straight laboratory flumes, verified the applicability of the linear entropic relationship Then, for each run, the measured profiles were integrated on the entire cross section and the cross-sectional mean velocity, u m , has been determined. Thus, the ratios between the cross-sectional mean velocity and maximum crosssectional flow velocity, u max , have been estimated. Figure 4 reports, for both runs, the box-plots of the ratios u m /u max .
In this figure In field applications, the mean velocity, U ¼ Q/(Bh), is usually considered as the most important hydraulic variable and, thus, the ratios U/u max have also been estimated for each run. In Figure 5 the ratios u m /u max are plotted against As mentioned in the sub-section 'Pertinent aspects of friction factor estimation and summary of previous results', Da Silva () analyzed the variation of friction factor by using collected in sine-generated meandering laboratory channels, for two values of the deflection angle at inflection section (θ o ¼ 30 W , 110 W ) and in flat-bed condition. As a result, the following expression to estimate the local friction factor, c, was proposed:
where r is the local radius of curvature, c indicates the friction factor for straight channels estimated by Equation (1) 
where a 1 , a 2 , a 3 are coefficients which have to be estimated using experimental data. On the basis of Equation (5), the difference between the friction factors for meandering and straight channel flows is related to control parameters for curved flows: the ratio r/R accounts for the local curvature effect and the parameter R/B accounts for high-curvature effects; the coefficient a 3 identifies the value of the normalized difference (c À c)= c along the almost straight channel reach (i.e., at the crossovers), where 1/R ≅ 0. According to Equation (5), the difference increases as the channel axis curvature (1/R) increases and, thus, passing from the inflection section to the apex section. Moreover, in each cross section (i.e., for a given 1/R), the normalized difference (c À c)= c increases as the local radius r increases assuming the highest value at the outer bank. This is in agreement with previous works (Yalin & Silva ) which indicate that the friction factor increases progressively with r.
Thus, in order to validate Equation (2), the values of the friction factor c have been also estimated by using Equations (4) and (5) and the Manning's roughness coefficient, n, has been determined as follows:
In accordance Finally, for both runs, the good fit between the observed n-values and those estimated by Equations (2), (4) and (5) has been verified and is shown in Figure 8 . Inspecting parameter in Equation (2). This finding deserves more investigation and will be the object of a future study. respectively. This result is consistent with results previously obtained by Xia () , investigating the ratio between the cross-sectional mean velocity, U, and the maximum one, u max , in the Mississippi River. According to Xia (), such a variation of the Φ(M) parameter is related to the fact that, for the same cross-sectional mean flow U, the magnitude of u max on the almost straight reaches is greater than that on the strongly curved reaches, as previously verified by Termini () in the same meandering channel as that considered in the present work.
(ii) When the effect of the bed deformation cannot be neglected, the variation of the parameter Φ(M) along the bend is strongly reduced compared to that obtained in the absence of bed deformation. This is due to the fact that the bed deformation tends to enhance the flow In order to take the advective momentum transport into account for the bed deformation, the correct parameter of Φ(M) has to be envisaged and which reflects the modified velocity profiles in the outer-bank region.
This finding deserves more investigation and will be the object of a future study.
